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Wave Propagation Analysis and Behaviour of
Precast Light-Weight Concrete Piles during Driving
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The pile driving process can be easily modeled prior to installation to determine adequate and appropriate
equipment selection. Pre-casted lightweight concrete (LWC) provide an attractive alternative to conventional pile
materials such as steel and common concrete by improving the durability of deep foundations. In this paper, the
drivability of cylindrical and tapered piles with lightweight concrete was investigated and compared with traditional
pile materials using the finite difference analysis. The three-dimensional model was considered to simulate pile-soil
system in drivability by FLAC3D. The vertical LWC pile was assumed to behave linear elastic, and the soil was
acted in elasto-plastic material obeyed the Mohr-Coulomb failure criterion. Interface elements were also used at the
soil-pile contact surfaces along the pile shaft and toe to allow the slip occur during the driving procedure. Quiet
boundaries were considered to prevent waves traveling in the lateral and vertical directions for the soil. The different
concrete mixtures with Leca and Scoria were assumed to compare the size of the physical properties of light
aggregate, which letters S and L represent Leca and the Scoria in each concrete mix design.

The analysis of wave propagation in LWC rods without and with damping effects were performed with fixed and
free end boundary conditions. The rod gravity was neglected with no soil or other supports around the rod shaft. A
half-sine stress wave was applied on the rod head. To represent the dynamic responses, the force and velocity
records were monitored below the rod head to prevent the mixing up the upward stress wave and downward
reflection from the rod head. The obtained results were exactly in accordance with one dimensional wave
propagation theory in rods. The immediate F and Z.v waves shifted down after tip reflections are the reflections
from the rod free head boundary condition. In fact, the downward initial compressive wave is reflected as
compression type at rod fixed-end and reflected tension type at the rod free-top boundary conditions. The F wave
and Z.v wave amplitudes were attenuated with time as expected due to the damping presence in the rod.

The pile drivability with light weight concrete and cylindrical and tapered geometry was also investigated in
clayey soil and the results were compared. Based on signal matching for LWC piles, as expected, residual
displacements of pile S2 and L3 are 8 to 20% greater than common concrete piles, and pile S3 has approximately
the same behaviour as pile CC.

The analyses results indicate that LWS piles with selecting the appropriate mixture design and ratio between
elastic modulus and specific weight have a better performance compared with common used concrete and therefore,

it can affect the pile optimum penetration and economic saving of pile driving procedure.

Keywords: Lightweight Concrete; Pile Driving; Wave Propagation; Tapered Pile; Finite Difference Method.
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